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STUDIES RELATED TO WILDERNESS

The Wilderness Act (Public Law 88-577, September 3, 1964) and related acts 
require the U.S. Geological Survey and the U.S. Bureau of Mines to survey certain areas 
on Federal lands to determine their mineral resource potential. Results must be made 
available to the public and be submitted to the President and the Congress. This report 
presents the results of a mineral resource potential survey of the Hells Gate Roadless 
Area in the Tonto National Forest, Gila County, Arizona. Hells Gate Roadless Area was 
classified as a further planning area (03021) during the Second Roadless Area Review and 
Evaluation (RARE II) by the U.S. Forest Service, January 1979.



INTRODUCTION 

Purpose of Study

A geochemical reconnaissance study was conducted in the Hells Gate Roadless 
Area, in Gila County, Arizona, in the fall of 1980, to aid in a mineral resource appraisal 
of the area. The sample media consisted of rocks, stream sediments, and heavy-mineral 
concentrates from stream sediments. All the samples were analyzed by semiquantitative 
emission spectrographic techniques. In addition, the rock samples underwent 
colorimetric and atomic-absorption spectrometry analysis. This report presents a 
tabulation of chemical and selected statistical analysis.

Location of the Hells Gate Roadless Area

The Hells Gate Roadless Area encompasses approximately 31,200 acres in the 
northern part of the Tonto National Forest in Gila County, Ariz. (fig* 1)* The study area 
included parts of the Diamond Point, McDonald Mountain, Gisela, Payson South, Sheep 
Basin Mountain, Promontory Butte, and Diamond Butte 7.5-minute quadrangles. The area 
is roughly a 4- by 15- mile strip along a deeply incised segment of upper Tonto Creek. 
Elevations range from 3,000 feet in the lower gorge to 6,000 feet in the hills above the 
upper gorge. Local relief in the canyon is commonly greater than 1,000 feet.

Geologic Setting

In the Tonto Basin, Proterozoic stratified and plutonic rocks ( 1.7 b.y.) are 
uncomformably overlain by the Proterozoic Apache Group (>1.2 b.y.). The gently dipping 
Apache strata are unconformably overlain by the Paleozoic sandstone, shale, and 
limestone sequence of the Mogollon Rim. Tonto Basin is a part of the Colorado Plateau's 
province margin that has been slightly structurally disrupted by late Cenozoic faulting, 
and from which the Paleozoic strata have been largely stripped by subsequent erosion.

Proterozoic stratified rocks and sheets of intrusive rocks exposed in the Hells Gate 
Roadless Area occupy the axis of a northeast-trending synclinorium. Quartzite and 
underlying alkalic extrusive rhyolite constitute the upper one-third of a 20,000-foot-thick 
stratified sequence exposed in the axis and southeast limb of the synclinorium. 
Sedimentary, volcaniclastic, and volcanic rocks of the lower two-thirds of the sequence 
lie outside the Hells Gate Area. Intrusive alkalic rhyolite, granophyre, and granite 
occupy the axis and northwest limb of the synclinorium and intrude the extrusive rhyolite 
and quartzite.

The folds of the synclinorium and the thrust faults in Tonto Basin are the result of 
a compressional orogenic event (Mazatzal orogeny). Foliation is weak to imperceptible 
in the massive igneous and quartzite bodies of the area. Deformation appears to have 
occurred at shallow depths as indicated by brittle rupture along the faults and by the low 
grade greenschist facies of metamorphism.

Mineral Occurrences

The Hells Gate Area has no history of mining and little evidence of prospecting. 
Few claims have been recorded and most are placer claims in modern alluvium along 
Tonto Creek and its tributaries. Claims exist at several places within 2 to 5 miles of the 
Hells Gate periphery, some with small workings, for gold, silver, copper, beryllium, and 
barite. Some are along faults that extend into the Roadless Area.

Anomalous values of tin, beryllium, and niobium and the presence of cassiterite in 
heavy-mineral concentrates are indicative of late-magm atic mineralizing processes, and 
possible deposits of these elements, though evidence for such concentrations is lacking.
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Figure 1. Location of the Hells Gate Roadless Area, 

Arizona.



SAMPLE COLLECTION AND PREPARATION 

Stream Sediments

A total of 85 stream-sediment samples were gathered from drainages throughout 
the study area. Each sample was composited from active alluvium in order to determine 
the elemental constituents of rocks that were eroded upstream from the sample site. 
The samples were later sieved to 0.1 8 mm (-80 mesh) and pulverized prior to analysis.

Heavy Mineral Concentrates

A total of 85 heavy-mineral concentrates were collected in selected drainages 
throughout the study area. The concentrate medium, which contains sulfide minerals and 
their oxidation products, as well as the precious metals (McCarthy and Levering, 1978), 
greatly enhances the capacity to determine anomalous elemental suites because many of 
the rock-forming minerals (quartz and feldspars) that can dilute stream-sediment 
samples are removed when they are processed prior to analysis.

In the Hells Gate Roadless Area, a bulk sample of active alluvium sediment was 
collected and sieved through a 2.0-m m (-10-mesh) screen to remove the coarse 
material. Care was taken to gather the samples from around boulders, rocks, and sand 
bars (the areas where heavy-minerals tend to congregate) in order to maximize the 
amount of heavy-mineral concentrate in the sample. The samples were later wet panned, 
air dried, and passed through a 0.50-m m (-35-mesh) sieve to remove most of the lighter 
non-heavy-mineral portion of the sample. The remaining light materials were then 
removed using bromoform (specific gravity 2.86) and discarded. Magnetite was removed 
from the sample with a hand magnet. The remaining concentrate was separated into two 
fractions on the basis of their magnetic susceptibility using the Frantz Isodynamic 
Magnetic Separator set at 0.6 amperes. The nonmagnetic fraction was split into two 
fractions. One fraction was hand ground with an agate mortar and pestle prior to 
emission spectrographic analysis and the other fraction was saved for mineralogical 
study.

Rock Samples

A total of 21 rock samples were collected from mines and areas of observed 
alteration in order to obtain information concerning mineral suites and trace-element 
signatures associated with mineralized systems. The samples were crushed and split. 
One split was pulverized to 0.15 mm (-100 mesh) for analysis and the other split was 
saved for future study.

ANALYTICAL PROCEDURES

All of the prepared sediment, heavy-mineral concentrate, and rock samples were 
analyzed by a six-step semiquantitative emission spectrographic method (Grimes and 
Marranzino, 1968) for 31 elements (Fe, Mg, Ca, Ti, M n, Ag, As, Au, B, Ba, Be, Bi, Cd, Co, 
Cr, Cu, La, Mo, Nb, Ni, Pb, Sb, Sc, Sn, Sr, V, W, Y, Zn, Zr, and Th).

Spectrographic results are reported as the approximate geometric mid-points (0.1 5, 
0.2, 0.3, 0.5, 0.7, and 1.0 or relevant powers of ten of these values) of concentration 
ranges whose respective boundaries are 0.12, 0.18, 0.26, 0.38, 0.56, 0.83, and 1.2 (or 
relevant powers of ten of these values). The precision of a reported value is plus or 
minus one reporting value approximately 83 percent of the time and plus or minus two 
reporting values approximately 96 percent of the time (Motooka and Grimes, 1976).

The lower limits of determination for the 31 elements determined by the emission 
spectrographic technique are given in table 1. Because of problems dealing with matrix



interference, the spectrographic method was modified for analysis of the heavy-mineral 
concentrate samples, and the lower limits of determination were raised two reporting 
values above the normal lower limit value (table 1).

In addition to emission spectrographical analysis, the rock samples were analyzed 
by colorimetric and atomic-absorption methods for 11 elements. Cu, Pb, Zn, Cd, Bi, and 
Ag were analyzed by atomic-absorption spectrometry (Viets, 1978). Sb, Au, and Te were 
analyzed by atomic-absorption techniques developed by Welsch and Chao (1975), 
Thompson and others (1968), and Chao and others (1978). Arsenic was anlyzed by the 
colorimetric techniques of Ward and others (1963). A modification of the methods of 
Vaughn and McCarthy (1964) and McNearney and others (1972) was used for the Hg 
analysis.

ANALYTICAL AND STATISTICAL SUMMARY

Tables 2a, 3a, and 4a list the latitudes, longitudes, and measured concentrations of 
each element. The values listed for Fe, Mg, Ca, and Ti are reported in percent; all 
others are in parts per million (ppm). All statistics in this report are based on the data 
found in these tables.

The results of spectrographic analysis found in tables 2a, 3a, and 4a are classified 
into two types of data values, qualified and unqualified. Unqualified data can be 
expressed in terms of a specific number. Sometimes, however, an actual value for a 
certain element can not be expressed as an exact number and is therefore given a 
qualitative value. If an element was looked for and not detected, the letter "N" is 
entered in the tables in place of a numerical value. If an element was observed but was 
below the lower limit of detection, a "less than" (<) was entered in the tables. If an 
element was detected at a concentration greater than the upper limit of detection, a 
"greater than" (>) was entered in the tables. If no analysis was performed for a particular 
element, two dashes ( ) are entered in the tables in place of an analytical value.

The Fisher K statistics (tables 2b, 3b, and 4b) give summary statistics for samples 
that have undergone spectrographic analysis. This statistical program is helpful in giving 
the reader a general background on the average abundance of an element and the nature 
of its distribution for a particular area. The number of qualified and unqualified values 
are listed (along with the minimum and maximum values for the unqualified data). A 
qualified value is designated by the following symbols

N=Not detected at the lower limit of determination
L=Detected, but below the limit of reproducible determination for standards used. 
H=lnterference prevented determination of value 
G=Greater than value displayed 
B=No analysis
T=Trace (term not used in this data set)

The mean, standard deviation, variance, skewness, and kurtosis for each element 
are expressed as percent or parts per million, and ignore all qualified values.



The graphical analysis (tables 2c, 3c and 4c) calculates the frequency distribution 
for each element and presents graphical displays (histograms and contingency tables) that 
express these frequency distributions. The lower boundary and class intervals used in the 
histograms are those boundaries and intervals commonly used for spectrographic data. 
This program also gives percentiles, which rank data values and the geometric mean. 
Computations in this program ignore all qualified values.

A graphical display will not be shown for an element if any of the following is true.
-No unqualified values are detected.
-Unqualified values are detected at only one sample site.
-Unqualified values are detected at two or more sites, but the minimum and 

maximum values are the same.
-No analysis was performed for that particular element.

Graphical analysis gives the reader a more specific breakdown on how the different 
concentrations of an element are distributed. It can be useful in the determination of 
threshold values and anomalous populations within an area.

When interpreting the statistics given in this report, care should be taken to not e 
the percentage of data that is qualified. The greater the number of qualified data, the 
less significant the statistics become.

All data listed in tables 2, 3, and 4 were entered into the U.S. Geological Survey 
Rock Analysis Storage System (RASS), recovered and analyzed statistically by Chris M. 
McDougal and Barbara Chazin, using the U.S. Geological Survey STATPAC Program 
Library (Van Trump and Miesch, 1977).
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